Global value chains research has generated a resurgence in Leontief-style input-output analysis, since the introduction of publicly available international input-output (IIO) tables. This paper is designed to clearly present Leontief concepts and applications for international economists who may be largely unaware of these techniques. We present an overview of the structure of IIO tables and related analysis of the sources of value flowing through global production networks. We also provide the methodology to calculate flows to and from specific sectors and regions, with results and code for several examples.
Introduction
The analysis of which countries contribute value to products that are traded in global production networks has important economic implications. The role that a country's firms play in these networks can alter the effects of trade policy and the transmission of global supply and demand shocks. International input-output (IIO) tables can identify the sources and destinations of value that flows through global value chains (GVCs), and identifies the roles countries and industries play in global supply chains and the sources of competitiveness (OECD-WTO, 2012) . The analysis of GVCs with IIO tables began with Belke and Wang (2005) and Daudin et al. (2006) , and the number of studies has grown markedly as IIO tables have become more widely available. Current analyses rely on international data sources such as the World Input-Output Database (WIOD), the UNCTAD Eora GVC database, the OECD Trade in Value Added (TiVA) database, the Institute of Developing Economies (IDE-JETRO) Asian Input-Output tables, as well as the extensions of Global Trade Analysis Project (GTAP) data.
Although the analytical techniques underpinning these studies were pioneered by Leontief in the 1940s, these techniques have been mainly applied to national accounts but have seen little use in international economics.
2 One aim of this paper is to bridge the gap between the fields of national accounts statistics and international trade. This paper also demonstrates the flexibility of GVC analysis with several examples quantifying how upstream countries and sectors supply value to downstream users in other countries. These examples extend and generalize the approaches in recent papers such as Johnson and Noguera (2012) , Stehrer (2012) , Lenzen et al. (2013) , and OECD (2013) that measure value embodied in flows of final goods and services. This paper is organized as follows. Section 2 provides an overview of the GVC methodology used to measure value-added flows. Section 3 compares the IIO databases currently used in the literature. Section 4 provides five examples of the connection between specific upstream sources and downstream destinations of value, with estimates based on the WIOD tables for 2009. Section 5 concludes. Appendix A provides STATA and SAS code for each of the examples in section 4.
Methodology
The measures discussed in this paper are based on IIO tables, which trace the international sources of value added embodied in goods and services produced throughout the world. They are derived from (i) individual countries' national account statistics (supply-use tables or inputoutput tables) integrated with (ii) bilateral trade data and (iii) information or assumptions about the sourcing of international intermediate inputs by using industries. Figure 1 provides the structure of a general IIO table with 2 countries and N sectors. Source: Powers (2012) As discussed in Powers (2012) , rows in the table indicate how and where products are used. For example, the top row indicates global use of product 1 produced in country 1, including intermediate inputs used by each industry and final good demanded in each country. The leftmost column indicates the total inputs from country 1 and country 2, plus value-added in country 1, that must be supplied to produce the total output of product 1 in country 1. Value added consists of value generated by primary factors, and is equal to compensation of workers plus payments to capital. 3 Both rows and columns sum to the value of total output, since the sum of all uses of a product must equal the value of all inputs (including value added) in that product.
As indicated in figure 1, all output must be used as an intermediate or final good at home or abroad. Hence, production in a general IIO table with G countries and N sectors is given by
where is the GNx1 vector of gross output, consisting of stacked vectors of gross output for each country. The N×1 vector denotes gross output of country in each sector:
The GN×GN matrix provides the direct intermediate input-output coefficients, where denotes the N×N matrix giving direct use of inputs supplied by each sector of country in each sector of country .
3 As well as taxes on production and imports, less subsidies.
Final demand is given by the GN×1 matrix , which gives world demand for final goods. The N×1 vector denotes the value of final goods produced in country .
The examples in section 4 will disaggregate into final goods supplied to specific destinations, where = ∑ . Further, = + , or
where is the N×1 vector of final goods and services produced and consumed domestically, and denotes the N×1 vector of final goods and services produced in and exported to (and consumed in) country .
We can express equation (1) as
where is the GN×GN "Leontief inverse" matrix. Elements of this matrix express the total output, used both directly and indirectly, required to produce $1 of final goods and services. As with the direct coefficient matrix , the Leontief inverse matrix is composed of N×N submatrixes that denote the value of output used in each sector of country to produce final goods in each sector of country .
IIO analysis traces the flow of value added from the source sector to the final consumer. Value added is described by , the 1×GN vector giving the amount of value contributed directly by primary factors per dollar of output. The 1×N vector gives value-added in the sectors of country .
Premultiplying equation (3) by produces global GDP, a scalar, which implicitly includes all flows of value from source sectors to final consumers.
= (4)
Section 4 slices these global flows of value into progressively more detailed examples, but first we provide information on the available databases used for IIO analysis in the literature.
Available IIO databases
Currently, the most widely used IIO tables are produced by WIOD, the OECD-WTO, Eora MRIO, and IDE-JETRO. Several research teams have also extended the GTAP database for use in IIO analysis. Datasets differ in their method of construction and data sources. For example, some tables are based on input-output tables contributed by individual researchers, others are based on official input-output tables, and yet others are based on official supply-use tables. The method and information available to allocate imported intermediate inputs to using sectors also differ by source. Datasets also differ in their coverage of countries, sectors, and years. Table 1 summarizes the four major IIO databases, including three papers based on GTAP. For an analysis of the extent to which the underlying coefficients differ among datasets, see Degain et al. (2013) and UNCTAD (2013a). 
OECD-WTO TiVA database
The OECD and WTO jointly developed an IIO database to understand international trade in the context of global production networks and to identify the sources of competitiveness. The latest version was released in May and June 2013. The OECD TiVA database includes IIO tables for 58 countries and 37 sectors. It includes the years covered by the OECD national inputoutput tables (1995, 2000, and 2005) Lenzen et al. (2013) describes the construction of the underlying Eora database, and UNCTAD (2013a, 2013b) describe the related UNCTAD-Eora database.
GTAP database
As GTAP predates the other IIO tables, it was the source of the original GVC studies in the literature such as 
Examples
This section provides selected examples that show the different ways to implement the GVC analysis in order to obtain more granular value flows. Generally, we are interested in value added flows in a specific sector in specific countries for a specific final demand (i.e. automotive sector in the United States, electronic exports from China, etc.). To that end, we can modify the components of equation (6) and (7), mainly and ( and ), so that only the value added flows which we are interested in are calculated and reflected in the result. For each example, we provide the calculated values from the WIOD IIO table for 2009.
Calculation of each country's GDP
As with global GDP, we can calculate each country's GDP as the total contribution from factors in all of its sectors to final goods and services consumed in all destinations (both at home and abroad), as shown in equation (5). By shaping the value-added matrix in the appropriate way, we can calculate all countries' GDPs simultaneously. Each row of the G×GN value-added matrix in equation (5) contains a single country's 1×N vector, with zeros in all other elements.
4
Although it is not necessary to calculate GDP in this manner (GDP can be determined directly from value added in the IIO table), this calculation provides a useful check of GVC concepts and a foundation for the further disaggregation presented below. 
Canadian value added in U.S. final goods and services imports from the world
GVC analysis can estimate the value added generated in one country that is absorbed in final goods imported into another country. This value may travel directly or take a circuitous route through multiple sectors and across multiple borders. The example in equation (6) estimates the amount of Canadian value added that is absorbed in U.S. imports of final goods from all countries. This example uses a 1×GN value-added matrix, the standard GN×GN Leontief inverse matrix, and a GN×1 vector of all countries' exports to the United States. In the value-added matrix, all elements other than the 1×N subvector of Canadian value added are replaced with zeros.
[0 … 0
The approach of all examples in this paper is to employ the standard, full Leontief inverse matrix, while adjusting the value-added and final demand matrices to reflect the desired source and destination sectors. Other calculations will produce the same results, however. Equation (6′) presents an alternative calculation for this value-added flow which replaces non-Canadian rows of the matrix with zeroes. This approach is taken in the code provided for Koopman et al. (2013) , for example.
Based on WIOD data, value added from Canada accounted for $60.7 billion (8.0%) of the $758.8 billion of final goods and services imported by the United States in 2009.
Canadian value added in U.S. final demand
A related estimate is the value added generated in one country that is absorbed in final goods consumed in another country. As in the previous example, value could be embodied in final goods that are imported directly or indirectly after processing in third countries. In addition, value may be embodied in imported intermediate inputs that are processed into final goods and consumed in the destination country. Hence, this calculation includes foreign value in final goods from both imported and domestic sources.
Equation (7) estimates the value added by Canada in all final goods consumed in the United States, including those it produces domestically with Canadian intermediate inputs. This example uses a 1×GN value-added matrix, the standard GN×GN Leontief inverse matrix, and a GN×1 vector of final demand.
Based on WIOD data, value added from Canada accounted for $161.3 billion (1.1%) of the $14,491.8 billion of final goods and services consumed by the United States in 2009.
The Canada-U.S. value-added trade balance
Many studies have estimated bilateral trade balances in value-added terms (see USITC, 2011 , WTO and IDE-JETRO, 2011 , and Johnson and Noguera, 2012 . Although the balance of trade in standard ("gross") terms depends on values that are shipped between the two countries, the balance of trade in value-added terms depends on the values that are consumed in the two countries. 5 Equation (8) provides the Canada-U.S. trade balance in value-added terms, which consists of equation (7) and its converse.
Based on WIOD data, the 2009 value-added trade balance between Canada and the United States is $32.0 billion-representing a trade surplus for Canada and deficit for the United States. This value is smaller than the 45.5 billion gross bilateral trade balance. For each country, domestic value added consumed in the other country accounts for about 70% of total gross exports. 6 Hence, the value added trade balance is also about 70% of the total trade balance.
Mexican value added in U.S. transport equipment exports to the world
GVC calculations can also determine the value added contained in exports of final goods and services from specific sectors. When examining sectoral value added flows, it is important to distinguish between (i) value created by factors in a specific sector that may be exported through multiple downstream sectors, and (ii) value exported from a specific sector that may include value created in multiple upstream sectors.
Equation (9) provides an example of the second of these types of flows of value added. Production of transport equipment uses inputs from multiple sectors, such as business and professional services, fabricated metal, electronics, and parts from the transportation equipment sector itself. Production is also tightly integrated in North America, with value flowing through multiple countries, particularly for motor vehicles. 7 For example, U.S. companies may add value to motor vehicle parts, which are sent to Mexico for further processing, sent back to the United States for final assembly, and subsequently exported as finished automobiles to Canada. In these supply chains, each country's value potentially crosses borders multiple times before ultimately residing in a finished product. Equation (9) calculates 5 Value added in exports of intermediate goods that are not consumed in the receiving country are part of gross trade balances but do not enter into the value-added trade balance calculation. 6 This share is unusually low for the United States, reflecting substantial Canadian value added returning home in these exports; the U.S. value-added-to-gross-trade ratio is about 90% with countries outside of North America. 7 WIOD does not distinguish motor vehicles from the wider transportation equipment sector. To focus on motor vehicles specifically, we would need to use tables such as those from the WTO-OECD, which have not yet been publicly released.
Mexican value in U.S. exports of finished transport equipment, capturing all value from Mexican sectors, which may have crossed borders multiple times due to the back-and-forth nature of production in the sector.
As in previous examples, equation (9) uses a 1×GN value-added matrix, including value for only a single country, and the standard GN×GN Leontief inverse matrix. Unlike previous examples, the GN×1 export vector contains only a single nonzero element.
The N×1 vector includes only U.S. exports of transportation equipment to the world.
Based on WIOD data, in 2009 the United States exported $83.9 billion of final products in the transport equipment sector, in which value added by Mexico accounted for only $1.5 billion (1.8%). In the reciprocal calculation, in 2009 Mexico exported $27.5 billion of finished transport equipment, in which value added by the United States accounted for $3.7 billion (13.4%), a substantially higher share of the total.
Value added by the EU27 service sectors in U.S imports from the world
Services trade in GVCs is attracting increasing attention, as services can be substantial inputs into goods trade as well as trade in other services. For example, Miroudot and Rouzet (2013) report that in the OECD, services contributed over 30% of the total value added in manufactured goods, and Timmer et al. (2012) estimate that in the EU, 50% of jobs in manufacturing GVCs are outside the manufacturing sector. Equation (10) presents an example that estimates the value created by productive factors in services sectors that is embodied in trade, whether directly or indirectly. It identifies the value added generated in services sectors from all 27 EU countries that is ultimately embodied in U.S. imports. A similar method could be used to determine value created in goods sectors.
Unlike previous examples, equation (10) uses a 1×GN value-added matrix that includes value from only service sectors in EU countries. However, it still uses the standard GN×GN Leontief inverse matrix, and a GN×1 vector of all countries' exports to the United States .
where the 1×N vector , ∈ 1 … 27, for each EU country includes nonzero elements only in the S services sectors.
Based on the WIOD table, in 2009 the EU services sectors contributed $24,189.2 billion in value to overall world production, and of that, $83.4 billion was captured in U.S. imports.
Conclusion
This note extends the usefulness of the publically available IIO tables and provides examples that illustrate a variety of value added flows. By modifying to the value added and final demand vectors in the value added calculations, we can estimate the contribution of specific countries and industries, and trace value to specific destination countries and sectors. The changes allow us to make granular observations of contributions to country and global production. And as IIO tables grow and evolve, so too, shall the flows that this analysis is able to calculate. Because the basis of the calculation is simple matrix multiplication, implementation only requires statistical packages that have methods of handling matrices. We hope that this will increase the accessibility of GVC analysis and spur further research in the area of trade in value added. 
